Introduction
Study of soft magnetic nanocrystalline ferrites is growing, owing to their use in various applications [1] . In spinel ferrites cations are dispersed among A (Tetrahedral) and B (Octahedral) sites, exhibiting different structural and magnetic environments. In spinel ferrites, a specific synthesis process (e. g. -e. g.-solid state reaction, co-precipitation, sol gel auto-combustion method etc.), substitution and postpreparation thermal treatments can be effectively used to introduce changes in the spinel structure, thus allowing one to be able to selectively change their properties. By using a specific preparation technique e. g. -sol gel auto-combustion method, it is possible to synthesize ferrites without subsequent heat treatment [1] . It is known that heat treatment of as-prepared powder (also called as 'dry gel') leads to an increase of grain diameter and, magnetic properties strongly depend on grain diameter. Mg-Zn based ferrites have attracted researchers, due to their applications in high frequency applications [2] [3] . Therefore, in the present work, we report the synthesis, structural and, magnetic characterization of Mg 1-x Zn x Fe 2 O 4 (with x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0).
Experimental details
Magnesium -Zinc based ferrite of nominal composition Mg 1-x Zn x Fe 2 O 4 (with x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) in powders form were prepared using the sol-gel auto-combustion method. Schematic diagram of the synthesis process is shown in figure 1 . acts as a chelating agent for metal ions of varying ionic sizes, which helps in preventing their selective precipitation to maintain compositional homogeneity among the constituents. Afterwards it also serves as a fuel in the combustion reaction [4] . De-ionized water was used to dissolve all the precursors and pH was maintained at 7 by adding ammonia solution. Then the solution was heated at 120 o C in air till the fluffy powder was formed, called as 'dry gel or as-burnt powder' which was used for structural and magnetic measurements. It is of value to note that formation of cubic spinel ferrite phase in dry gel form without any heat treatment was reported earlier [5] [6] [7] [8] . Structural characterization of the synthesized samples was done at room temperature by x-ray diffraction (XRD) measurements, done in θ-2θ configuration by Bruker D8 advance diffractometer utilizing CuK α (λ= 1.54056 A o ) radiation. The x-rays were detected by using a fast counting detector based on Silicon strip technology (Bruker LynxEye detector). The lattice parameter (a) corresponding to [311] reflection was obtained by:
where d -inter-planer spacing and, (h, k, l) -miller indices. X-ray density ( XRD ) of the studied samples was obtained by:
where M w -Molecular weight, N -Avagrado's Number, a -Lattice parameter. Grain diameter is obtained by the line width of [311] reflection, using Scherrer's formula:
where,  -wavelength of the x-ray used,  -line width,  -peak position (in 2 scale). Hoping length for site A and B were calculated by :
where L a and L b are respectively hoping length for site A and B, a -lattice parameter. Magnetic moment (n B ) in Bohr magneton (µ B ), can be calculated by using the relation:
where M w is the molecular weight of a particular ferrite composition and M s is saturation magnetization (emu/g) and, 5585 is the magnetic factor. Room temperature hysteresis loops of the synthesized samples were measured at 50 Hz by conventional induction technique, applying maximum field -H max  ± 119 kA/m (1500 Oe). Loops were analyzed by a Matlab ® based program [9] to obtain coercivity (H c ). Satutation magnetization (M s ) values were obtained by plotting magnetization against inverse of magnetic field (1/H) and, extrapolating the data to 1/H = 0. Anisotropy constant (K 1 ) was calculated by: is also detected which is ascribable to the increase of Fe/Zn ratio in the samples due to loss of Zn during combustion process. Perusal of table 1 shows that the grain diameter varies between 17.1 to 22.9 nm, exhibits the formation of nano-crystalline ferrites. With increase of Zn content (x), the x-ray density 'ρ xrd ' for the studied samples increases. Changes of lattice parameter (a . ) with increase of Zncontent can be understood by the fact that an ion with lower ionic radius (ionic radius of Mg is 0.066 nm) is being replaced by an ion with higher ionic radius (ionic radius of Zn is 0.074 nm). Changes of a are also reflected in unit cell volume. ρ xrd increases linearly with increase of Zn-content. As ρ xrd depends on the molecular weight of the sample therefore, with increase of Zn content there is an increase in x-ray density of the sample because atomic mass of Zn is higher than that of Mg. Changes in L a and L b follows the same trend as the variation of a with Zn content The changes can be ascribed to the fact that the smaller Mg 2+ ions are being replaced by larger Zn 2+ . Figure 3 shows the representative hysteresis loops of the studied samples with varying Zn content. Changes in the hysteresis loops can be observed as the zinc content increases which can be ascribable to the changes in cation distribution on tetrahedral (A) site and octahedral (B) site. ions on B site increases) and magnetization on A site decreases (Fe 3+ ions on A site decreases) and then decreases from x= 0.6 to 1 due to the decrease of magnetization on B site and increase in magnetization on A site and also due to the spin canting in one of the sub-lattice due to the substitution of non-magnetic cation on the other sub-lattice [10] . K 1 also shows the same trend as M s due to the fact that K 1 depends on M s . ) by an ion with higher ionic radius (Zn 2+ ) leads to changes in structural parameters obtained from XRD measurements. Observed changes in the magnetic properties with Zn content are explained on the basis of migration of Fe 3+ between tetrahedral and octahedral sites.
